The essential oils obtained from Origanum libanoticum Boiss., a plant endemic to Lebanon, were analyzed by GC/MS. Seventy compounds were identified, covering till 99.8% of the total oil composition. All samples were p-cymene and/or β-caryophyllene chemotype, with variable percentage of other compounds such as α-pinene, myrcene, α-phellandrene, limonene, etc. Compared to traditional drying method, lyophilized samples provided the highest essential oil (EO) yields and yields were higher at flowering stage (Chouwen: 0.33% in 2013 and 0.32% in 2014; Qartaba: 0.27% in 2013 and 0.37% in 2014). According to independent components analysis (ICA), date and site of harvest, altitude and drying technique had no effect on the variation of O. libanoticum EO chemical composition. An annual variation of EOs composition was observed since a particular variation in some major components concentration was revealed monthly and annually between 2013 and 2014. There are at least 250 000 species of vascular plants existing worldwide. Only a small number of species has been investigated both phytochemically and pharmacologically [1] . Lebanon occupies only 0.007 % of the world's land surface area and is a home to 2612 plant species compared to only 1600 species in Great-Britain which is 30 times more extended, and, 4200 species in mainland France, a country that is 55 times bigger than Lebanon [2] [3] [4] . The vegetation of Lebanon has the exceptionally high species-area ratio of 0.25 species per km 2 , compared with a ratio of 0.0081 per km 2 for South Africa, 0.0044 for Brazil, 0.0021 for Egypt, 0.022 for Jordan, 0.015 for Spain, 0.017 for Syria and 0.011 for Turkey [5] . Relative to its size, Lebanon is recognized as a center of plant diversity and one of the Mediterranean region's mini-hotspots, sheltering high biodiversity richness including many rare and endemic plant species [6] . According to national floras, dating back to the early 1930s and 1960s, the country is shelter to almost 311 endemic species found in Lebanon, Syria and Palestine. A high percentage of endemic plant species (3.5%) is observed in Lebanon: among the 2612 wild species, 92 are endemics [7] . The genus Origanum (Labiatae) consists of 43 species belonging to 10 sections. It also has 18 natural hybrids [8] . Origanum libanoticum Boiss., known under the vernacular name "za'atar lebnen", a wild cascading ornamental plant, endemic to Lebanon, is widespread throughout Lebanon, at various altitudes. It blooms from June till October on tall stems with cascading sprays of pink bracts and flowers.
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Environmental factors were proven to affect the development of Origanum plant species. Many examples showed that the chemical composition of their essential oils (EOs) varies with geographical location, harvesting date, climate factors, soil composition, plant part, age, seasonality, vegetative stage, and so on [9] [10] [11] [12] [13] [14] . The influence of those factors on the accumulation of distinct terpene metabolites in Origanum species defines its chemotypes.
We aimed, in this work, to investigate the yield and the chemical composition of the EO isolated from O. libanoticum and to seek for a possible variability of its EO, for the first time, in relation to seasonal variations, drying method, geographical location and soil composition. We should point out that, no published work has presented a detailed characterization such as what is discussed in this paper. To fulfill this objective, sampling has covered two regions corresponding to two different altitudes: Qartaba (Jbeil District/Mount Lebanon Governorate) located at 1250 m and Chouwen (Keserwan District/Mount Lebanon Governorate) at 600 m.
The EO content increased from January to July (flowering stage) then decreased after flowering. The flowering stage was characterized by the highest EO yields. The highest yields were: 0.33% in 2013 (0.2 mL in 60.35 g of the dried herb) and 0.32% in 2014 (0.4 mL in 124.3g of the dried herb) for samples harvested from Chouwen and dried by lyophilization; 0.27% in 2013 (0.2 mL in 75.1 g of the dried herb) and 0.37% in 2014 (0.2 mL in 54.52 g of the dried herb) for samples harvested from Qartaba and dried by lyophilization. One-way ANOVA demonstrated the relation between EO yield and date of harvest (p < 0.05). Clearly the EO yield was influenced by vegetative stages and climate factors. Our results are in full agreement with most of previous works who reported that Origanum sp. EO content depends on the collection month and that the flowering stage increased the EO yield [15] [16] . Table  1 summarizes the altitudes of the two geographical locations and the main chemical parameters of the two soils. O. libanoticum harvested from Qartaba and Chouwen naturally grows in sandy soils. A statistically non-significant difference was noticed between altitude and oil content (p > 0.05). Region of harvest, elevation and temperature differences between the 2 sites probably did not influence the EO yield of the plants growing in the same edaphic conditions (similar soil characteristics). Qualitative and quantitative analysis of the volatile oils extracted from 53 samples, harvested from the two Lebanese sites, throughout two years (2013 and 2014), was performed by GC/MS. The chemical constituents were submitted to multivariate analysis (ICA or independent components analysis), in order to study their intraspecific variation.
ICA-DA was applied on the original matrix X (peak areas) concatenated with the matrix Y (predefined groups) corresponding to year of harvest (two years vectors), extracted seven ICs. Thus, an ICA with seven ICs was applied to the matrix X. IC1 and IC6 were found to be informative since clear discrimations were observed. In IC1, samples harvested in 2013 (1) were characterized by the lowest proportions compared to the ones harvested in 2014 (2), which presented higher proportions ( Figure 2 ). The source signal of IC1, in Figure 3 , showed that β-caryophyllene is mainly at the origin of this discrimination. IC1 highlighted that samples harvested in 2014 contained more of β-caryophyllene, thymol methyl ether, germacrene D, bicyclogermacrene and δ-cadinene than the samples harvested in 2013. IC6 was also able to discriminate the samples (Figure 4 ). Looking at the extracted source signal in Figure 5 , it can be seen that this libanoticum EO and the variability affecting its chemical composition, which is observed from one month to another in our results, any determination of the EO biological activity must take into consideration, not only the chemical signature, but also its chemical variability. Therefore, larger scale and more long-term studies will allow room for validation and determination of the EO bioactivity. This will lead the research to an optimal harvest of the plant; a harvest adapted to the user's needs. Further studies conducted over several years on seasonality, genetics and growing conditions of wild and cultivated O. libanoticum should be performed in order to better understand the annual chemical variability observed. Furthermore, standardization of cultivation and propagation methods leading to efficient production and preservation of this plant is needed. Moreover, investigations of nutrient doses on quantitative and qualitative production of O. libanoticum EO compounds should be considered in future studies (each nutrient used in nutrient solution for the cultivation) in order to determine the optimal nutrient doses ensuring higher concentrations of the major EO compounds. Future investigations will focus the research on the biological activities of O. libanoticum EOs. Mouterde (1983) [4] . A voucher specimen of each plant was deposited in the Herbarium of the Faculty of Agricultural and Food Sciences of USEK, Lebanon under the registry numbers MNIII185a for the Chouwen plant and MNIII185b for the Qartaba plant. In total, forty-two samples were harvested from Chouwen and eleven from Qartaba.
Experimental
Occasionally, O. libanoticum harvest could not take place, especially in Qartaba, due to climatological or seasonal obstacles. Fresh herb (150 g) was either air dried in the absence of light at 4°C for one month (traditional drying), or lyophilized using Virtis bench Zgheib et al. 1738 Natural Product Communications Vol. 13 (12) 2018 Zgheib et al. top "K" lyophilizer machine. The EOs were isolated by hydrodistillation, performed for 3 hours using a Clevenger-type apparatus according to the method described in the European Pharmacopoeia (1997) [39] . EOs were collected, dried over anhydrous sodium sulphate and stored at 4°C in sealed brown vials.
Origanum libanoticum essential oils
Natural Product Communications Vol. 13 (12) 
1739
Yield evaluation: The EO content was calculated as percentage of the dry mass. EO yield, expressed in mL/g, was calculated by measuring the volume of oil extracted per weight of dried/lyophilized plant material.
Soil analysis: Soil samples were collected from each site at a depth of 0-30 cm. Each sample was dried at room temperature, sieved at 2 mm and quartered before being analyzed at the Lebanese Agricultural Research Institute (LARI) Lebanon. Soil samples were taken during June 2014 at the time of flowering period of plants.
Essential oils analyses
GC analyses: The GC analysis was performed on a Thermo Electron Corporation apparatus fitted with a flame ionization detector (FID), a non-polar HP-5MS (5% Phenyl Methyl Siloxane) capillary column (30 m × 0.25 mm i.d., film thickness 0.25 μm) and a polar fused-silica HP Innowax capillary column (polyethylene glycol, 50 m × 0.20 mm i.d., film thickness 0.20 μm) in order to confirm the identification of the components. Helium was the carrier gas (0.8 mL/minute). The column temperature was initially set to 35°C before being gradually increased to 85°C at 5°C/minute, held for 20 minutes at 85°C, raised to 300°C at 10°C/minute and finally held for 5 minutes at 300°C. Diluted 1 µL samples (1/100, v/v in pentane) were manually injected at 250°C and in the splitless mode. Flame ionisation detection (FID) was performed at 310˚C.
GC/MS analyses:
The GC/MS analyses were performed using an Agilent gas chromatograph 6890 coupled with Mass Detector 5975. Qualitative and quantitative analyses: Most constituents were identified by comparing mass spectra on both columns with those provided in the NIST (National Institute of Standards and Technology, Gaithersburg, MD, USA) and Wiley 275 libraries, our home-made library constructed with pure compounds and EOs of known composition (such as the EO of Rosmarinus officinalis L. from Phytosun Aroms, Plélo, France) and those from literature [40] [41] . A further identification was achieved by comparing their retention indices (RI) on both polar and apolar columns with those from literature [41] [42] or with those of standard compounds available in our laboratories, obtained from Sigma-Aldrich (Germany). Retention indices were determined in relation to a homologous series of n-alkanes (C 7 to C 25 ) analyzed under the same GC/MS operating conditions. Relative proportions of oil constituents were calculated from the GC peak areas corrected using the Probabilistic Quotient Normalization (PQN), using the median of all the chromatograms as reference signal for the correction [43] .
Independent components analysis (ICA): theoretical background:
ICA is one of the most widely used blind source separation (BSS) techniques for revealing hidden factors that underlie sets of variables, measurements, or signals [44] . The goal of this statistical method is to extract the underlying source signals from a set of mixed signals, assuming that the original underlying source signals are mutually independently distributed. ICA looks for a linear transformation of non-Gaussian data that maximizes the statistical independence of the components and decomposes the measured overlapping signals of mixtures into a set of independent components (ICs) that are as independent as possible [45] [46] . . Among all the available algorithms, the JADE algorithm has proven to provide the most consistently reproducible and reasonable solutions [47] . The component signals (source signals: the rows of the matrix S) are recovered from the measured mixed signals (peak areas of the chromatograms: the rows of the matrix X) by: S = W . X [48] The proportions, A, can then be calculated by projecting X onto S:
The ICA-DA procedure was used to determine the optimal numbers of independent components (ICs) to use in the ICA decomposition.
In this procedure, a matrix Y is created formed by vectors representing predefined groups corresponding to the different levels of the studied factors: geographical location of harvest (two sites implying two predefined groups), time of harvest (twelve months implying twelve predefined groups) and drying methods (two methods implying two predefined groups). The matrix Y is concatenated with the original matrix X of the peak areas in order to create a new matrix Z on which ICA is applied with from 1 to n max ICs. The number of ICs giving maximum discrimination of samples, based on the predefined groups, is then selected as the optimal number of ICs. The source signals extracted from the concatenated matrices contain contributions from both the MS variables and from the scaled groups matrix, so the corresponding proportions (scores) reflect not only the effect of the MS data, X, but also that of the predefined groups, Y. It is therefore necessary to recalculate the proportions using only the original matrix X, in order to determine whether the MS variables selected by ICA-DA are able alone to discriminate the samples into the predefined groups.
